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© Display data write control device. 
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© A system memory (34) In the electronic device 
has a display data memory area (35), and when a 
CPU (31) accesses directly to the system memory 
(34), the liquid crystal display control section (LCDC) 
(36) monitors whether or not address data is directed 
to the display data memory area (35). In the case 
where the address data is directed to the display 
memory area (35), the LCDC (36) transfers display 
data and address data to the display driving circuit 
(38a, 3Bb). The display driving circuit (38a or 38b) 
comprises a VRAM (40a or 40b), in which the dis- 
play data is stored in a predetermined memory 
location in accordance with the received address 
data, and the stored data Is displayed on the LCD 
(32). 
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® Display data write conb-ol device. 
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® A system memory (34) in the electronic device 
has a display data memory area (35), and when a 
GPU (31) accesses directly to the system memory 
(34), the liquid crystal display control section (LCDC) 
(36) monitors whether or not address data is directed 
to the display data memory area (35). In the case 
where the address data is directed to the display 
memory area (35), the LCDC (36) transfers display 
data and address data to the display driving circuit 
(38a, 38b). The display driving circuit (38a or 38b) 
comprises a VRAM (40a or 40b), in which the dis- 
play data is stored in a predetermined memory 
location in accordance with the received address 
data, and the stored data is displayed on the LCD 
(32). 



FIG.1 



CPU 



33— 



I LCDC 
I 



^31 
-36 



LCPBUS 



37 



34 40a 



SYSTEM 
MEMORY 



(SYSTEM)VRAM 



D/DSEG 



1 



40b 

x 



D/DSEQ 

(iw>)VRAiii' 



LCD 



35' 



T 



/ 


D/D 


\ 


COM 



39 



32 



CO 

CD 



Q. 
UJ 



BNSCXJCICS <EP 0613n5A2 I > 



Rank Xerox (UK) Business Services 

(3.10/3.09/3.3.4) 



BNS Daoe ; 



1 



EP 0 613 115 A2 



2 



The present invention relates to a control de- 
vice for writing display data in a memory, which is 
used, for example, in an electronic device having a 
liquid crystal display section. 

FIG. 5 is a diagram showing the structure of a 
conventional display control device having a dis- 
play video memory (VRAM) in a system memory. 
The system memory 13 is connected to a central 
processing unit (CPU) 11 via data and address bus 
12. and also segment display drivers (D/Dseg) 15a 
and 15b of a dot matrix liquid crystal display 14 are 
connected to the CPU 11. 

The CPU 11 includes a liquid crystal display 
control section 11a, control signals from which are 
supplied to the system memory 13, D/Dseg 15a 
and 15b, as well as to a common display driver 
(D/Dcom). 

In the conventional display control device 
shown in FIG. 5, the VRAM 13a is provided in the 
system memory 13, and the VRAM 13a in the 
system memory 13 Is directly accessed by the 
CPU 1 1 for writing/reading of data to be displayed. 
Therefore, the software burden can be reduced. 
However, while data being displayed on the LCD 
14, the display data in the VRAM 13a must be 
transferred at all times to the D/Dseg 15a and 15b. 
and therefore when the number of display pixels is 
increased, the data transfer amount that is, the 
number of times of data access to the VRAM 13a, 
is accordingly increased, resulting in consuming a 
great amount of current 

FIG. 6 is a diagram showing the structure of 
another conventional display control device com- 
prising a display video memory (VRAM) in a dis- 
play driver chip. As shown in the figure, a system 
memory 23. a liquid crystal display section 24, and 
segment display drivers (D/Dseg) 25a and 25b are 
connected to a CPU 21 via data and address bus 
22. 

Display data and a write control signal for 
VRAMs 26a and 26b respectively provided in the 
D/Dseg 25a and 25b are supplied to the D/Dseg 25a 
and 25b from the CPU 21, and a display timing 
signal from a liquid crystal display control section 
(LCDC) 27 provided in the D/Dseg 25a Is supplied 
to the D/Dseg 25b and a D/Dcom (common display 
driver) 28. 

More specifically, in the conventional display 
control device shown in FIG. 6, while data being 
displayed on the LCD 24, a segment of the LCD 24 
is driven directly by the bit pattern data written in 
the VRAMs 26a and 26b in the D/Dseg 25a and 
25b, and therefore even if there are a great number 
of display pixels, the number of times of data 
access with respect to the CPU 21 can be kept 
small. Further, since a multi-bit output memory can 
be used as a memory for display, the current 
consumed can be made small. 



However, when the number of system buses 
22 from the CPU 21 to the D/Dseg 25a and 25b is 
' reduced in designing for the purpose of the down- 
sizing of device, the accessing of the CPU 21 to 

5 the D/DsEG 25 in terms of processing of command, 
address and display must be carried out by soft- 
ware control. As a result this display control device 
entails the problem of a heavy software designing 
burden as compared to the conventional display 

70 control device comprising the VRAM in the system 
memory, shown in FIG. 5. 

In short one type of the conventional display 
control devices has the problem of a large consum- 
ing current due to the data access to the VRAM 

75 13a in the system memory, and the other type has 
the problem of a heavy software burden due to the 
data access with respect to the CPU 21 . 

The present invention has been proposed in 
consideration of the above problems, and the ot>- 

20 ject thereof is to provide a display control device in 
which the software designing burden in order for 
storing display data output from the CPU into the 
display memory, can be reduced. 

According to the present invention, there is 

25 provided an electronic device comprising: a dot 
matrix type display screen; a display driving circuit 
for driving the display screen; a process unit for 
controlling operation of the electronic device; a 
system memory having a memory area directiy 

30 address-controllable by the process unit and con- 
taining a display memory area; and a display data 
write control circuit, included in the process unit, 
for detecting display data written from the process 
unit to the display memory area of the system 

35 memory, and transferring the display data to the 
display driving circuit. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with tiie accompanying drawings, in 

40 which: 

FIG. 1 is a block diagram showing the structure 
of a display control device according to one 
embodiment of the present invention; 
FIG. 2 is a block diagram shovring details of a 
45 liquid crystal display controller shown in FIG. 1 ; 

FIG. 3 is a block diagram showing details of a 
multiplexer of FIG. 2; 

FIG. 4A is a diagram showing the structure of a 
VRAM of a system memory shown in FIG. 1 ; 
50 FIG. 4B is a diagram showing the structure of a 
VRAM of a display driver shown in FIG. 1 ; and 
FIGS. 5 and 6 are block diagrams each showing 
a conventional circuit 

An emtjodiment of the present invention will 
55 now be described with reference to drawings, 

FIG. 1 is a block diagram showing the structure 
of a display control device of the embodiment 
according to the present invention. 
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A central processing unit (CPU) 31 serves to 
generate display data to a liquid crystal dot matrix 
display section (LCD) 32, and control the operation 
of each section of the device. To the CPU 31 , a 
system memory 34 is connected via system bus 
33 including data bus and address bus. 

The system memory 34 comprises a video 
memory (VRAM) 35, in which display data trans- 
ferred from the CPU 31, which is to be displayed 
- on the LCD 32, is stored. 

Inside the CPU 31. there is provided a liquid 
crystal display control section (LCDC) 36 connect- 
ed to the system bus 33. Display data and the 
address data thereof output from the LCDC 36 are 
transferred to segment display drivers (D/Dseg) 38a 
and 38b via a liquid crystal display bus (LCDBUS) 
37, whereas a display control signal output from 
the LCDC 36 is supplied to the D/Dseg 38a and 38b 
and a common display driver (D/Dcom) 39. 

The D/Dseg 38a and 38b comprise display 
VRAMs 40a and 40b, respectively, and the LCD 32 
is driven in accordance with the display data writ- 
ten in the display VRAMs 40a and 40b as a bit 
map pattem. 

FIG. 2 shows a section related to the LCDC 36 
in the display control device. The address bus 33a, 
data bus 33b, and a RA/V (read/write) control signal 
line 41 from a memory interface section 31a of the 
CPU 31 are connected to the system memory 34 
and the LCDC 36 in a similar manner. 

The LCDC 36 operates such that the display 
and address data is fetched in the multiplexer 36a 
when data is written from the CPU 31 to the 
system memory 34, and it is judged as to whether 
or not the data is to be written in the VRAM 35 of 
the system memory 34 on the basis of the address 
data. When the display data is to be written in the 
VRAM 35, the display data and the address data 
thereof fetched in the multiplexer 36a are trans- 
ferred to the D/DsEG 38a and 38b in order via the 
LCDBUS 37 in the time divisional manner. 

nQ. 3 shows the details of the multiplexer 36a. 
The multiplexer 36a includes an address cal- 
culation circuit 52 having a latch-A 51 for temporar- 
ily holding address data from the address bus 33a, 
and a latch-D 53 for temporarily holding the display 
data from the data bus 33b. 

In the embodiment, the address bus 33a is 
made of a 20-bit type, and the data bus 33b is 
made of an 8-bit bus. 

The address bus 33a is connected to a de- 
coder 54. The decoder 54 serves to decode the 
upper 4 bits of address data, and output a signal S 
when the address data accesses to the VRAM 13a 
of the system memory 13. 

Upon reception of the signal S, a selector 55 
serves to output address and display data to the 
LCDBUS 37 in the time divisional manner. The 



LCDBUS 37 consists of 8-bit bus, and lower 16 bits 
of the address data is divided into the lower 1 byte 
data "AX" and the upper 1 byte data "AY". 

It should be noted that the point of division of 

5 the address data determines the point of division in 
the X direction (the number of bytes in the X 
direction) of the memory area of the VRAM 35 of 
the system memory 34 as shown in FIG. 4A, and 
the significant bit number for the "AX" is not nec- 

70 essary 8 bits. 

A DXA register 56 and a DYA register 57 serve 
to store "DXA" and "DYA", respectively, each of 
which is an amount of displacement resulted from 
addition to or subtraction from the address data 

75 stored in the latch-A 51. 

The relationship between the LCD 32 and the 
VRAMs 40a, 40b will now be described. 

The LCD 32 has a display screen consisting of 
display pixels arranged such that there are 160 

20 dots in the vertical (Y) direction and 256 dots In the 
horizontal (X) direction. 

Each of the VRAMs 40a and 40b provided 
respectively in the segment drivers (D/Dseg) 38a 
and 38b has a memory capacity of 160 x 128 dots, 

25 and serves to store display data to be displayed on 
the screen, in a two-division manner. 

The lower byte data "AX" of the address data 
serves to designate the selection of two segment 
drivers (D/Dseg) 38a, 38b and the address of the 

30 VRAM in the X direction, whereas the upper byte 
data "AY" serves to designate the address in the Y 
direction. 

The VRAM area 35 of the system memory 34 
has a capacity larger than the total capacity of the 

35 VRAM 40a and VRAM 40b of the segment drivers 
(D/Dseg). and includes the display data memory 
area con-esponding to the VRAMs 40a, 40b of the 
segment drivers (DDseg)- 

The LCDC 36 includes a direct memory access 

40 circuit (DMA) 58, a display timing control section 
36b and read/write control section 36c operating as 
a data collision avoidance control section. 

When start address (S), tiie number of bytes 
(x) in ttie X direction and the number of bits (y) in 

45 tiie Y direction are set by the CPU 31, tiie DMA 58 
automatically reads data having a rectangular area 
of x«y with respect to start address 8 as the 
starting point, from the VRAM area 35 of the sys- 
tem memory 34, and write the data into the VRAM 

50 40a or 40b of the segment driver (DDseg) 38a or 
38b. 

The display timing control section 36b serves 
to output a display timing signal necessary to drive 
the LCD 32 to each of the segment drivers (D/Dseg) 
55 38a and 38b and the common driver (D/Dcom) 39. 
In reply to the display timing signal, the common 
driver (D/Dcom) outputs a common signal, whereas 
each of the segment drivers (D/Dseg) 38a and 38b 
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outputs a segment signal in accordance with the 
display bit map data stored in the VRAMs 40a and 
40b. 

The read/write control section 36c functioning 
as the data collision avoiding control section serves 5 
to avoid the data write timing for the VRAMs 4Da, 
40b of the segment drivers (D/Dseg) 38a and 38b 
overlapping with the data read timing for display on 
the LCD 32, and output a collision avoiding control 
signal on the basis of the timing control operation io 
for the LCD 32 by the display timing control sec- 
tion 36b and the data write control signal output 
from the CPU 31. 

The operation of the embodiment will now be 
described. '5 

In the case where the CPU 31 operates to write 
display data to be displayed on the LCD 32 in the 
VRAM 35 of the system memory 34, a write signal 
is output to the R/W signal line 41 , and the address 
and display data are output to the address and 20 
display buses 33a and 33b. respectively. Then, the 
display data is written in the system memory 34 in 
accordance with the address data. 

In the LCDC 36, the address data is stored in 
the iatch-A 51, whereas the display data is stored 25 
in the latch-D 53. At the same time, in the decoder 
54, it is judged as to whether or not the address 
data addresses the VRAM area 35 of the system 
memory 34. 

When it is judged that the address data ad- 30 
dresses the VRAM area 35 of the system memory 
34, the display data and the address data are time- 
division-output to the LCDBUS 37. More specifi- 
cally, the selector 55 selectively outputs the lower 
byte "AX" of the address data, the upper byte 35 
"AY" stored in the latch-A 51. and tiie display data 
"DD" stored in the latch-D 53 to the LCDBUS 37 in 
order. The display segment drivers (D/Dseg) 38a, 
38b receives these data, and write the display data 
to a designated VRAM 40a or 40b. 40 

The display data written in the VRAMs 40a and 
40b of the segment drivers (D/Dseg) 38a and 38b 
are read out based on the display timing signal 
output from the display timing control section 36b 
of the LCDC 36, and sent to the segment elec- 45 
trodes in the LCD 32. The display data is then 
synchronized with the common signal output from 
the common driver (D/Dcom) 39, and thus the LCD 
32 is driven. 

Next, the case where a window is opened on so 
the display screen of the LCD 32 so as to display 
other display data in a portion of the background 
display data, will now be described. 

Let us suppose the case as shown in FIG. 48, 
for example, in which window data is written from 55 
the point where tiie address is displaced by "bx" in 
the X direction and "by" in the Y direction with 
respect to the original address (the upper left cor- 



ner of the screen of FIG. 48) of the VRAM memory 
area of the segment driver, which corresponds to 
the LCD 32. 

Window display data is written in a memory 
area other than the area where the display data 
presently displayed is stored, within the entire area 
of the VRAM 35 of the system memory 34. by the 
CPU 31. FIG. 4A illustrates data stored in the 
VRAM 35 in a visualized form, and tiie region 
defined by the broken lines indicates a memory 
area for display data. Suppose that the window 
display data is written to the shaded area of FIG. 
4A, and the write start address thereof is set at 
"ax" and "ay". Then, the CPU 31 determines the 
values of "DXA" and "DYA" such as to satisfy the 
following equations: 

ax + DXA = bx 
ay + DYA = by 

and sets the determined values to the DXA register 
56 and DYA register 57, respectively. Then, the 
address calculation circuit 52 calculates out "AX" 
data by adding the "DXA" and the lower byte of 
the address data stored in the latch-A 51 and "AY" 
data by adding the "DYA" and the upper byte, and 
outputs the obtained "AX" and "AY" data to the 
segment drivers (D/Dseg) 38a, 38b via the selector 
55. The segment driver 38a or 38b stores the 
display data into the VRAM 40a or 40b in accor- 
dance with the address data received. 

Consequentiy, when window data is written in 
by addressing a certain area in the VRAM 35 of the 
system memory 34, the address data and display 
data are transferred to the segment drives 38a and 
38b via the LCDC 38, and a window is automati- 
cally displayed on tiie LCD 32 at ttie designated 
location. 

In such an operation, as shown in FIG. 4A, the 
display data for the background image and that for 
the window are stored in different areas of the 
system VRAM 35, and therefore, even if a window 
is superimposed over a part of of the current 
image, it is not necessary to save the background 
image data of the area corresponding to the loca- 
tion of the window. 

Moreover, by utilizing the function of tiie DMA 
58. the window display data written in the VRAM 
35 of the system memory 34 and the portion of the 
background image data hidden behind the window 
can be written in the VRAM 40a or 40b of the 
segment driver 38a or 38b, thereby simplifying the 
display of a window and the recovering operation 
of the background image. In the case where the 
display data is read by the CPU 31 , the data is 
read out directiy from the system memory 34, and 
the LCDC 38 does not operate. 
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With the present invention having the ab- 
ovedescribed stnicture, developers of software 
have to consider only direct access to the VRAM in 
a system memory as regards the display data write 
process, and therefore the software designing bur- 5 
den can be reduced. 

Lastly, the present invention is not limited to 
the embodiments described above, and can be 
modified into a variety of version without departing 
• from the scope thereof. 

Claims 

1. An electronic device characterized by compris- 
ing: ^5 

a dot matrix type display screen (32); 

a display driving circuit (3Ba, 3Bb, 39) for 
driving said display screen; 

a process unit (31 ) for controlling operation 
of said electronic device; 

a system memory (34, 35) directly ad- 
dressed by said process unit and containing a 
display memory area (35); and 

a display data write control circuit (36), 
included in said process unit (31), for detecting 25 
display data written from said process unit (31) 
to said display memory area (35) of said sys- 
tem memory, and transferring the display data 
to said display driving circuit (38a, 3Bb). 

30 

2. An electronic device according to claim 1, 
characterized in that said display driving circuit 
has an image memory (40a, 40b) correspond- 
ing to said display screen (32). 

35 

3. An electronic device according to claim 2, 
characterized in that said display data write 
control circuit includes means (54) for judging 
whether or not address data supplied to said 
system memory is to address said display 4o 
area by decoding said address data. 

4. An electronic device according to claim 3, 
characterized in that said display data write 
control circuit includes transferring means (55) 45 
for transferring said display data and said ad- 
dress data to said display driving circuit. 

5. An electronic device according to claim 4, 
characterized in that said display screen in- so 
eludes a liquid crystal display device (32), and 

said display driving circuit includes a segment 
drive circuit (38a, 38b) having said image 
memory and a common signal generating cir- 
cuit (39). 55 

6. An electronic device according to claim 5, 
characterized in that said display data write 



control circuit includes a direct memory access 
controller (58) for transferring data in said dis- 
play memory area (35) of said system memory 
to said image memory. 

7. An electronic device according to claim 5, 
characterized in that said display data write 
control circuit includes means (51. 56, 57) for 
varying said address data by a predetermined 
displacement amount and transferring the var- 
ied address data to said display driving circuit 

8. A display device characterized by comprising: 

display means (32), having a display 
screen, for displaying display data; 

first memory means (40a, 40b) for storing 
the display data displayed on said display 
screen; 

second memory (34) having a memory 
area (38) a predetermined part of which is 
determined as a display data storing area; 

write means (31) for writing the display 
data in said second memory means; 

detection means (36) for detecting that a 
data writing operation by said write means is 
directed to said display data storing area of 
said second display means; and 

write control means (35) for controlling 
writing of said display data in said first mem- 
ory means when the data writing operation of 
said display data is detected by said detection 
means. 

9- A display device according to claim 8, char- 
acterized in that said write means (31) further 
includes means for supplying said address 
data and said display data in said second 
memory means, and said detection means (36) 
further includes means (54) for judging wheth- 
er or not said address data is directed within a 
certain range corresponding to said display 
data storing area. 

10. A display device according to claim 9, char- 
acterized in that said first memory means (40a, 
40b) is included in a display driving circuit 

11. A display device according to claim 10, char- 
acterized in that said display screen of said 
display means includes a liquid crystal display 
screen (38), and said display driving circuit has 
a segment driver (38a, 38b) for said liquid 
crystal display screen. 

12. A display device according to claim 10, char- 
acterized in that said write control means (36) 
further includes transfer means (55) for trans- 
ferring said display data and address data to 
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said display driving circuit and said display 
driving circuit includes means for writing said 
transferred display data in said first memory 
means on the basis of said address data trans- 
ferred by said transfer means. 

13. A display device according to claim 12, char- 
acterized in that said write control means fur- 
ther includes operation means (51) for adding 
or subtracting a predetermined value to or 
from said address data. 

14- A display memory control means.characterized 
by comprising: 

a display screen (22); 

a display driving circuit (38a, 38b) for driv- 
ing said display screen; 

first memory means (40a, 40b), included in 
said display driving circuit and addressed by 
two types of address data as for X and Y 
directions, for storing display data correspond- 
ing to said display screen; 

second memory means (24, 35) directly 
accessed by a CPU (31), said second memory 
means having an area (35) not less than that of 
said first memory means, for storing the dis- 
play data; 

third memory means (56, 57) for storing a 
displacement amount value; 

address data processing means (52) for 
adding or subtracting said displacement 
amount value stored in said third memory 
means to or from said address data when the 
CPU carries out a write operation to said sec- 
ond memory means; and 

control means (36a) for outputting said ad- 
dress data processed by said address data 
processing means to said first memory means. 

15. A display memory control device according to 
claim 14, characterized by further comprising 
judging means (54) for judging whether or not 
said area of said second memory means for 
storing the display data is to be accessed. 

16. A display memory control device according to 
claim 15, characterized in that said address 
data contains upper bit data indicating an X 
addressing direction and lower bit data indicat- 
ing a Y addressing direction, and said third 
memory means includes means (56, 57) for 
storing said displacement amount value of 
each of the X and Y direction components. 

17. A display memory control device according to 
claim 1 4. characterized in that an address of a 
first memory area of said display data storing 
area of said second memory means corre- 



sponds to an address of a second memory 
area of said first memory means, and said 
display memory control device further com- 
prises means (52) for addressing an area other 

5 than the display data storing area of said sec- 

ond memory means to store window data, 
means (31, 56, 57) for setting a displacement 
amount value to said third memory means to 
write window display data to a predetermined 

10 memory location of said first memory means 

and means for displaying a window in accor- 
dance with the window display data. 

18. A display memory control device according to 
75 claim 14, characterized in that said display 

screen (32) includes a liquid crystal display 
device, and said first memory means (38a, 
38b) is included in a segment driver chip. 

20 
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